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ABSTRACT

International Journal of Exercise Science 15(4): 526-540, 2022. The purpose of this study was to compare
a periodized versus a non- periodized protocol of kettlebell (KTB) swings over six weeks on strength, power, and
muscular endurance. Twenty-eight high intensity functional training (HIFT) practitioners were assigned to non-
periodized (NPG = 11), periodized (PG = 11), or control groups (CG = 6). NPG used the same load (20 kg)
throughout the training period while the PG used a step loading progression (with an added four kilograms every
two weeks). Measures of strength and muscular endurance in the deadlift exercise, and power in the
countermovement jump were assessed before and after six weeks. A two-way ANOVA was used to verify pre- to
post-test differences in strength, power, and muscular endurance. An analysis of the effect size was also
incorporated. For strength and power, statistical differences from pre- to post-test were found for both the NPG (p
< 0.001; 1-RM improvement = 8.7%; jump height improvement = 8.7%) and PG (p < 0.001; 1-RM improvement =
7.8%; jump height improvement = 10.1%), with no difference between groups. For muscular endurance, only the
PG showed significant differences from pre- to post-test (p = 0.013; muscular endurance improvement = 23.8%). In
conclusion, when the goal is to increase strength and power performances in HIFT practitioners, periodized and
non-periodized KTB models appear to be equally effective, and this can simplify the strength coach's practice in
programming KTB swing training periods. For muscular endurance, the addition of KTB swing on a periodized
basis seems to be a more effective strategy.

KEY WORDS: Kettlebell swing, periodization, strength, power, muscular endurance, HIFT
INTRODUCTION

Periodization is commonly defined as a logical method of organizing training in sequential
phases to reduce the risk of injury and optimize performance through manipulation of training
loads (10, 16, 38). For intermediate and advanced practitioners, the American College of Sports
Medicine (ACSM) recommends a variation in volume and load intensity (from 1 to 12 RM) in a
periodized fashion (24). The ACSM’s recommendations are corroborated by meta-analysis that
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compared periodized to non-periodized resistance training programs and showed that
periodized programs were more effective for strength (25, 38) and power gains (25).

One of the important aspects of periodization is the organization of training loads, which is
related to how the loads will progress in each period (3). The main ways to progress in training
loads are through linear, step and undulatory organizations (3, 36). The undulatory progressions
consist of making a wave-like progressive increases in load intensity over a period. Linear
progressions are characterized by progressive and gradual increases in load intensity, whereas
step progressions have a stabilization in the load intensity whenever a progression is made
(which favors the adaptation before a new increase in the load intensity is made). The efficacy
and fundamentals of linear and step progressions lead us back to ancient Greece (6th century
B.C.), where the famous Olympian wrestler Milo of Croton was able to carry a bull around a
stadium. His training strategy was to lift a bull-calf daily until it was fully grown, which caused
his strength to increase progressively (1, 33). The principle of progressive overload exemplified
by Milo can now be applied to several means of resistance training, such as barbells, dumbells
and kettlebells (KTB).

KTB is an alternative resistance training approach to strength and power development whose
use has grown over the years (5, 9). The KTB is a cast iron ball whose shape allows its center of
mass to extend beyond the hand, which allows the accomplishment of bilateral and unilateral
exercises in all planes (17). While some KTB exercises such as overhead press are also used with
other resistance training implements like barbell and dumbbell, other exercises are more
appropriate when performed with KTB (11), one of which is the swing. The swing is a central
exercise in KTB training, which involves predominantly flexion in the hip joint and to a lesser
extent in the knee and ankle joints, and a subsequent explosive extension of the hips to swing
the KTB up to approximately chest level where the hips and knees are completely extended and
the subject is standing upright (40) (Figure 1). Previous investigations that used the kettlebell
swing as a training method found increases in strength and power ranging from 4.5% to 12.03%
in back squat and from 2.17% to 15% in vertical jump height (15, 21). However, it is not yet
known whether performing KTB training in a periodized fashion is better than KTB training in
a non-periodized program. Answering this question will bring important information related to
the progression of loads in KTB training, and therefore possibly will collaborate in the
optimization of results when using this resistance training tool, for example in high intensity
functional training (HIFT) programs. HIFT comprises a combination of elevated intensity
functional movements, which primarily uses multi-joint exercises such as Olympic weightlifting
exercises, body-weight exercises, and aerobic training (34). Investigating the effect of KTB
training on strength, power, and muscular endurance gains in HIFT practitioners is important
because these biomotor abilities are demanded in many HIFT modalities. Thus, it is expected
that the present study can provide evidence to assist strength coaches and personal trainers in
prescription of kettlebell training programs for greater power, strength and muscular endurance
gains.

In this sense, the purpose of this study was to compare a periodized versus a non-periodized
protocol of KTB swings over six weeks on strength, power, and muscular endurance. It was
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hypothesized that the non-periodized protocol would be less effective versus the periodized
protocol. The initial hypothesis was based on the idea that long periods without variation in
training loads can result in fatigue and stagnation in training adaptations (12, 39). Therefore, as
the individual adapts to the training stimulus, an increase in stress must be provided to allow
the optimization of adaptations (8). The principle of progressive overload, which will generate
an increase in training stress, can be achieved in three ways (8): by increasing the training session
volume (number of sets or repetitions); an increase in weekly frequency of exercises; or by
increasing the load intensity for a training volume. In the present study, the progression of the
training load occurred by increasing the load intensity, providing a greater variation in training
stimuli, which may lead to greater adaptations.

_.1

LA

position of t kettlebell swing.

Figure 1. Start (A) and finish (B)

METHODS

Participants

A convenience sample of twenty-eight men (29.3 +7.5 years; 176.1 £ 6.3 cm; 78.8 £ 10.7 kg; 143.1
+ 23.0 kg in deadlift 1RM; 1.82 + 0.24 kg/body mass deadlift relative strength); 2.1 + 1.3 years of
training experience), with at least six months of experience with HIFT exercises (including KTB
training) participated in this study. No differences (p = 0.05) were observed before training in
age, height, body mass, deadlift 1IRM, deadlift relative strength and training experience between
groups (see Table 1). The following inclusion criteria were adopted: a) having at least six months
of experience in KTB training; b) between 18 and 50 years old; c) practice HIFT for at least six
months, at least three times a week (with one-hour sessions), performing at least four exercises
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per session, and at least three sets per exercise. Additionally, the following health related
exclusion criteria were adopted: a) having answered "yes" to one of the PAR-Q questionnaire
items (29); b) having any functional limitation or injury that could be made worse by
performance of the experimental testing or training sessions. This research was carried out fully
in accordance to the ethical standards of the international Journal of Exercise Science (20). The
study was approved by the Ethics Committee of the Federal University of Rio de Janeiro, and
all subjects were volunteers and gave their written informed consent.

Table 1. Baseline characteristics (mean + SD).

Groups Age (y) Height (cm) Body Deadlift Relative Training
mass (kg) 1RM (kg) Strength experience (y)
NPG (n =11) 292+83 1752 +6.2 789+115  1495+233 1.9+0.2 2412
PG (n =11) 293+65 176.9+7.0 784+9.5 137.7 +27.5 1.7+01 20£1.6
CG (n=6) 29.6+94 176.1+6.2 79.6+132  141.3+104 1.8+0.3 1.75+1.0

NPG = non-periodized group; PG = periodized group; CG = control group.

Protocol

The training protocol used was an adaptation of a program called minimum (35), whose format
has already been used in previous studies (4, 15, 23). The protocol was performed twice a week
(on non-consecutive days), and consisted of performing 12 sets of thirty seconds of KTB swing,
alternating with thirty seconds of rest (see Figure 2). Subjects were instructed to perform the
maximum number of repetitions in each set, and, under the certified KTB instructor supervision,
the exercise was performed according to the guidelines recommended by Tsatsouline in Enter
the Kettlebell (35). The subjects received following instructions: 1) keep your back straight; 2)
project your hips backward, not downward; 3) focus on powerful hip extension, not arm
movement; 4) fully extend your hips and knees, with the body forming a straight line at the end
of the movement; 5) at the top of the movement, the KTB should be an extension of your arms.

To examine the differences between groups, measures of strength and muscular endurance in
the deadlift exercise and power in the countermovement jump (CMJ) were obtained one week
before and one week after the six-week period. The non-periodized group (NPG) performed the
training protocol with the same intensity throughout the training period (20 kg); the periodized
group (PG) used a step loading progression (36) with four-kilogram progression every two
weeks (starting at 16 kg for two weeks, 20 kg for two more weeks and 24 kg for the next two
weeks) (see Figure 3). Training loads were organized in this way so that the average training
intensity (the sum of the load intensities in each session divided by the number of sessions) was
the same, aiming that the volume load realized by the experimental groups remained equalized.
During the intervention period, all subjects continued to perform the HIFT program (including
the control group).

Muscle power was measured by the CM] test. Initially, the subjects performed three sets of ten
repetitions of a general warm-up consisting of the hip hinge exercise with a stick and the ground
to overhead exercise with a 10 kg plate. Then, subjects performed a CMJ with the hands on the
hips. Two jumps were performed with a five-minute rest interval between attempts, and the
highest one was recorded. The app used to calculate the jump height was My Jump 2 (Apple Inc.,
USA). To register the CM]J, the researcher lay with his body down at 1.5 meters from the
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individual, with the iPhone 6 facing the subject in the frontal plane. The take-off phase was
obtained in the first frame where both feet were off the ground, and the landing phase was
considered the first frame in which at least one foot was touched the ground (2). The app
calculated the jump height (reported in centimeters) from flight time. The literature shows high
reliability between the My Jump 2 and the force platform CM]J jump heights (ICC = 0.997, 95%
CIL: 0.996-0.998, P < 0.001), almost perfect correlation (r = 0.995, P < 0.001), and very good
reliability for five CM] measured by two independent observers with no prior experience on
video analysis (observer 1: a = 0.997, CV = 3.4%; observer 2: a = 0.988, CV =3.6%) (2).

Maximum strength was measured by the 1RM test in deadlift exercise. Approximately ten
minutes after performing the CM]J test, individuals performed a warm-up with three sets of
submaximal repetitions with progressive loads (five reps at 50%, four reps at 60%, and three
reps at 70% of 1RM). Subjects received the following instructions: 1) keep your back straight; 2)
keep the bar close to you throughout the movement; 3) fully extend your hips and knees, with
the body forming a straight line at the end of the movement; 4) return with the bar without
releasing it on the floor.

To find the maximum load for one repetition, everyone had up to four trials with rest periods
of three to five minutes between trials (verbal encouragement was provided during all 1RM
attempts). Resistance was progressively increased until the individuals could not complete the
selected repetition, and the final weight lifted successfully was considered the absolute 1RM
(27). For a repetition to be considered valid, subjects had to finish the concentric phase with the
knees and hips extended, trunk erect, and shoulder girdle retracted. (6). For standardization
purposes, the conventional deadlift style was adopted. Individuals were instructed to use the
grip they preferred.

Approximately ten minutes after the 1RM test, muscle endurance was assessed by a 50% 1RM
conventional deadlift test, in which subjects were instructed to perform as many repetitions as
possible with the appropriate technique (9, 28). The individuals were instructed to complete
each repetition with the knees and hips fully extended, trunk erect, and shoulder girdle retracted
(6). Additionally, the plates had to touch the ground before a new repetition began. For
standardization purposes, only the double overhand grip (palms facing backward) was allowed.
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Kettlebell swing session
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Figure 2. Kettlebell swing session.
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Figure 3. NPG load ofganization over six weeks (A). PG load organization over six weeks (B). W = week; S = session;
ATI = average training intensity.
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Statistical Analysis

A 3 (group) x 2 (test) repeated measures analysis of variance (ANOVA) was used to verify pre-
to post-test differences in maximum strength, power, and muscular endurance. A t-test for
independent samples was used to verify differences in repetitions per session, the total number
of repetitions, and the volume load (total number of repetitions x average training intensity)
between experimental protocols. A paired t-test was used to compare the number of repetitions
performed by the experimental groups in the first week with the number of repetitions in the
sixth week. A repeated measures ANOVA were used to compare the number of repetitions
performed by the PG with the different KTB load intensities (16 kg x 20 kg x 24 kg). Effect size
(ES) was calculated as the change score divided by the standard deviation of the change score
(7). All statistical analyses were performed with SPSS v.20.0 (IBM Corp., Armonk, NY, USA),
and the statistical significance was set at p < 0.05, a priori.

RESULTS

There were no differences (t (20) = 0.51; p = 0.61) in repetitions per session, total number of
repetitions, volume load between NPG and PG, and the number of repetitions performed
between the first and last week for NPG (t (10) = -0.86; p = 0.40) and PG (¢ (10) = -0.15; p = 0.88)
(see Table 2). There was also no difference in the number of repetitions performed by the PG
with different KTB load intensities (F (2, 20) = 0.731; p = 0.49). Repeated measures analysis for
maximum strength revealed a significant pre- to post-test differences (F (1, 25) = 38.787; p <
0.001) for NPG (p < 0.001) and PG (p < 0.001), but there was no statistical difference between
groups (F (2, 25) = 1.712; p = 0.201) (see Figure 4). Repeated measures analysis for jump height
also revealed a statistical pre- to post-test differences (F (1, 25) = 14.071; p = 0.001) for NPG (p =
0.003) and PG (p = 0.001), but with no statistical difference between groups (F (2, 25) = 12.645; p
=0.091) (see Figure 5). For muscular endurance, repeated measures analysis revealed significant
pre- to post-test differences (F (1, 25) = 0.454; p = 0.045), indicating a significant performance
increase for PG only (p = 0.013) (see Figure 6). For maximum strength, the ES was large for NPG
and PG and moderate for CG. For jump height, ES was large for the experimental groups and
trivial for CG. For muscular endurance, ES was large for PG, small for NPG and trivial for CG
(see Table 3).

Table 2. Repetitions per session, total number of repetitions and volume load (mean * SD).

Groups Repetitions ~ Total number of Volume load Repetitions in Repetitions in
per session repetitions week 1 week 6

NPG (n =11) 251.7+8.4 3021.3 +101.3 60427.2 +2027.0 506.2 +35.3 519.5£39.0

PG (n =11) 2494 +12.0 2994.0 +145.0 59880.0 = 2901.0 503.5+30.8 505.0 +33.2

NPG = non-periodized group; PG = periodized group.
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Strength gains
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Figure 4. Deadlift 1IRM pre- and post-training for the non-periodized (NPG), periodized (PG) and control (CG)
groups. *Significant difference from pre- to post-training.
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Figure 5. Jump height pre- and post-training for the non-periodized (NPG), periodized (PG) and control (CG)
groups. *Significant difference from pre- to post-training.
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Muscular endurance gains
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Figure 6. Deadlift muscular endurance pre- and post-training for the non-periodized (NPG), periodized (PG) and
control (CG) groups. *Significant difference from pre- to post-training.

Table 3. Pre- and post-training measures, effect sizes, magnitudes, and percentage change pre- to post-training.

Variable Groups Pre Post ES  ES Magnitude A% (95% CI)
NPG  1495+233 162.0+233 1.52 Large 8.7% (4.6 t0 12.7)
Deadlift 1-RM PG 137.7+275 1481+284 1.59 Large 7.8% (4.4 to 11.3)
CG 141.3+104 146.6+175 0.61 Moderate 3.5% (-2.7 t0 9.8)
NPG 350+54 37.8+45  1.00 Large 8.7% (2.4 to 14.9)
Jump height PG 33151 364+58 118 Large 10.1% (4.8 to 15.3)
CG 31.6+3.2 31.7+4 0.04 Trivial 0.4% (-9.5 to 10.4)
NPG 255+79 28698 027 Small 22.3% (-12 to 56.7)
Muscle endurance test PG 273 +5.7 33.6+68  1.69 Large 23.8% (13.4 to 34.2)
CG 255+9.0 258+74  0.07 Trivial 1.3% (-20.6 to 23.2)
NPG = non-periodized group; PG = periodized group; CG = control group. ES = effect size; A% = percentage
change.
DISCUSSION

The purpose of this study was to compare a periodized versus a non-periodized model of KTB
swing over six weeks on strength, power, and muscular endurance. The main findings were: 1)
both protocols showed significant increases in deadlift 1IRM and jump height after six weeks,
without significant difference between them; 2) Only the periodized protocol resulted in
significant increases in deadlift muscular endurance after six weeks.

The results of this study agreed with three studies that investigated the effect of biweekly KTB
training on jump height and lower limb strength (15, 18, 21). Lake and Lauder (15) compared a
jump squat program versus a KTB swing program (KSP). The KSP consisted of performing the
same protocol as the present study, however the load intensities were fixed (men with a body
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mass < 70 kg used a 12-kg KTB, whereas men with a body mass > 70 kg used a 16-kg KTB). After
six weeks, both groups increased the jump height and the back squat 1RM performances, with
no difference between groups. In this study, the percentage pre- and post-training differences
for jump height in the KSP (15%) was apparently higher than the NPG (8.7 %) and the PG (10.1%)
in the present study. A possible explanation for these findings is the fact that the individuals in
the study by Lake and Lauder probably had less training experience than the individuals in the
present study (a minimum of three months versus a minimum of six months, respectively),
considering that individuals with higher training levels may show less responsiveness to
training. This can be confirmed by analyzing the pre-training mean in the jump height
performance between the participants in the aforementioned studies (20 cm x 33.5 cm).

Otto et al. (21) also investigated the effect of six weeks of KTB training but compared it with a
weightlifting program. The KTB training program consisted of three weeks of 3 x 6 (KTB
swings), 4 x 4 (accelerated swings), and 4 x 6 (goblet squats); and three more weeks of 4 x 6 (KTB
swings), 6 x 4 (accelerated swings), and 4 x 6 (goblet squats), always using a 16-kg KTB. The
results showed a 2.17% improvement in jump height performance and a 4.5% in back squat
1RM. These results were lower than those found in the present study (10.1% in jump height
performance and 7.8% in deadlift 1IRM for PG), and the difference in the number of repetitions
performed in each study may explain this discrepancy. This same explanation (in addition to
the shorter duration of the intervention) can be used to explain the difference between the results
of the present study and the study by Maulit et al. (18), which compared the effect of a swing
protocol versus an explosive deadlift protocol on the jump height and maximum strength. This
study lasted only four weeks and maximum strength was measured in the deadlift exercise, as
in the present study. The load intensity in the KTB protocol was 10% peak delta force from the
isometric mid-thigh pull for two weeks (4 sets of 5 reps), and 12.5% (6 sets of 4 reps) in the other
two weeks. KTB protocol significantly improved the strength (approximately 5%) and the jump
height performance (approximately 2%).

It is not feasible to compare the variation in training loads on strength and power gains with
other KTB training studies since, to the best of our knowledge, no study has investigated this
outcome. Comparing with traditional resistance training studies, the results of the present study
apparently differ from others found in the literature. Stone et al. (31) compared three different
resistance training programs, two of which were periodized and one was not. The non-
periodized predominantly used 5 x 6 RM in the major exercises (Squat, Bench press, Clean pull,
and Power shrug) and 3 x 8 RM in the assistance exercises (Incline press and Lat pull downs),
and the periodized programs used a varied volume and intensity scheme (reducing the number
of repetitions over 12 weeks). After 12 weeks, only periodized programs showed differences in
1RM gains in the squat. Based on these results, the authors suggested that the appropriate
sequence and manipulation of training variables were important in obtaining results, not just
the training volume performed. However, an important aspect in the study by Stone et al. (31)
was the fact that the periodized programs at the end of the intervention performed a volume of
repetitions closer to that of the 1RM test, in this case the specificity (and not the variation) would
explain the results. This reasoning does not apply to the present study because, although the PG
used greater intensities than the NPG at the end of the intervention, there were no significant
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differences in strength gains between groups. A possible explanation for this result is the fact
that, although not statistically significant, the NPG performed a greater training volume, which
may have contributed to the lack of difference in the results between the experimental groups.
In addition, despite the swing and deadlift showing similarities from a biomechanical
perspective (considering the angular displacement of the hip, knee, and ankle joints over the
entire range of motion), the absolute intensities used in the former are substantially lower than
those of the latter. In this sense, the relevance of KTB swing in increasing strength lies in
challenging time-limited force expression and differentially challenging motor demands, and
not by using high intensities per se (32).

Monteiro et al. (19) also compared three resistance training programs with equalized training
volumes (one non-periodized and two periodized) on strength gains. One of the periodized
models was called linear (with a progressive increase of loads) and the other nonlinear (with
greater variation of loads). After 12 weeks, the results showed that the most effective model was
the nonlinear (with strength gains observed at 4, 8, and 12 weeks for both the bench press and
leg press), followed by the linear model (with strength gains occurring only in week 8 in leg
press). The non- periodized model showed no differences in strength increase for both exercises.
Another study (30) also compared a non- periodized model with the linear (called traditional)
and nonlinear (called undulatory) periodized models. Differing from both the aforementioned
studies and the present study, the authors found differences for the non-periodized model and
the undulatory model in squat strength gains after 6 weeks (no significant differences were
found for linear periodized model). A possible explanation given by the authors was based on
specificity, since the linear group concentrated a longer period with low intensity and high
volume than the other two groups. This kind of specificity may not explain the results of the
present study, since KTB swing is a predominantly ballistic exercise whose intensities are quite
different from those used in the deadlift IRM tests.

Some studies compared periodized versus non- periodized resistance training programs on
power gains. O'Bryant et al. (21) divided ninety college males into periodized (using a
progressive load regime, starting with high volume and low intensity, and progressing to low
volume and high intensity) and non-periodized group (using a 3 x 6 RM). The exercises used
were: Parallel squat, Bench press, Hyperextensions, and Sit-ups (Monday and Friday), and
Clean pulls (floor), Clean pull (mid-thigh), Shoulder shrugs, Behind the neck press, and Sit-ups
(Wednesday). After evaluating power capacity by incremental cycle ergometer exercise, the
authors found that after 11 weeks the periodized group presented better results than the non-
periodized group.

Similarly, Kraemer et al. (14) compared the physiological and performance adaptations between
periodized and non- periodized resistance training in thirty women collegiate tennis athletes.
The same exercises were used for both groups and were basically repeated on Mondays,
Wednesdays, and Fridays (Leg press, Bench press, Unilateral leg curl, Shoulder press, Seated
cable row, Calf raise, Latissimus pull down, Dumbbell lateral raise, Lumbar extension,
Dumbbell internal rotation, Dumbbell external, Abdominal crunch). The periodized group
performed 2-3 sets of 4-6RM on Monday, 8-10RM on Wednesday, and 12-15RM on Friday, while
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the non- periodized group performed 2-3 sets of 8-10RM throughout the study period. After
nine months, the periodized group resulted in significantly greater improvements in jump
height compared to the non- periodized group (50 + 9% vs 37 + 7%). These results occurred
despite similar training volumes, leading the authors to speculate the importance of including
variation as a relevant factor in a training program. An important difference between the study
by Kraemer and colleagues and the present study was the intervention time (nine months vs six
weeks). Throughout the study, measurements were taken in the fourth, sixth and ninth months,
and the analysis of the A% for jump height only showed a statistical difference between the
periodized and the non-periodized group in the measure of the ninth month, and that may
partly explain the difference in results between studies.

Some hypotheses may explain the conflicting findings between the present study and the studies
presented regarding strength and power gains. The first is the fact that possibly the volume load
would be more important than variation when KTB swing is used for strength and power gains.
In this case, the amount of mechanical work performed would be the determining factor for
improving performance, at least for a six-week period. Still on the training volume hypothesis,
it is important to note that, although not statistically significant, the NPG performed a greater
number of repetitions than the PG, which may have impacted the results, compensating for the
lack of variation in training loads by the greater number of total repetitions performed. In
addition, the NPG showed an increase in the number of repetitions from the first to the sixth
week and, although it was also not statistically significant, this unplanned progression may have
influenced the strength and power gains.

The second and perhaps more plausible hypothesis would be the short intervention time of
present study compared to the forementioned studies. Considering the tendency of the
organism to adapt to a training stimulus, the planned variation would contribute to avoid
plateau and maintain stimulus effectively, especially in longer training periods. The third
explanation, especially for strength gains, is the specificity hypothesis. Considering the
intensity, KTB training is less specific than traditional resistance training, but its contribution is
still relevant to strength gains by challenging time-limited force expression (32). For this
purpose, the variation in intensities does not seem to be important. Furthermore, increased
trunk and hamstrings muscles strength provided by KTB swing can also contribute to
improvements in strength exercises (15).

To our knowledge, no prior studies have examined the effect of a KTB swing protocol on
muscular endurance measured by a multi-joint resistance training exercise, so making
comparisons with other studies is not feasible. Likewise, comparing the findings of the variation
in training loads on muscular endurance with other studies in the literature are difficult to
establish since no studies investigating periodized with non- periodized programs have been
identified. However, considering the recommendation to progress from general to specific (13,
37), the most appropriate load organization to be applied to improve muscular endurance would
be to increase volume and reduce the intensity (reverse linear organization). Rhea et al. (26)
compared the reverse linear, daily undulatory and linear load organizations and, although no
significant differences were observed between groups (RLP = 73%, LP = 56%, DUP = 55%; p =
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0.58), analysis of the effect size demonstrated that the reverse linear was more effective than
daily undulatory and linear load organizations to increase muscular endurance. In the present
study, specifically for the PG, the pattern of load intensity was the opposite of the reverse linear,
yet the PG showed the best results for the muscular endurance variable. A possible explanation
for these results would be the fact that greater variations in training loads are more effective for
muscular endurance gains. Another explanation is found in the submaximal nature of the KTB
swing, which allowed the same volume of repetitions to be performed between higher load
intensities (24-kg KTB) compared to lower load intensities (16-kg KTB). Despite performing the
same volume load, at the end of the experimental period the PG performed the swing protocol
with an intensity greater than the NPG (24 kg x 20 kg, respectively), possibly allowing
individuals in the PG to be more adapted to tolerate greater discomfort in the muscular
endurance test, which could potentially generate better performance. Despite having produced
a high percentage increases, the non- periodized protocol did not present statistically significant
post-intervention improvements, suggesting that there is no difference in adding a non-
periodized KTB swing protocol for HIFT practitioners when the goal is to improve muscle
endurance. However, the largest standard deviation in the data of this group can explain these
results, as this increases the chances of type 2 error.

This study had some limitations such as the sample size of the control group (smaller than the
experimental groups), the short intervention period, and the fact that the subjects' diet was not
controlled, decreasing the internal validity of the study. Future studies may investigate other
populations (including women), longer intervention periods, and other load organizations (e.g.,
undulatory progression).

In conclusion, the addition of KTB swing with a planed variation in training loads seems to be
the most appropriate strategy to achieve the best results when the goal is to increase muscular
endurance in HIFT practitioners, considering the statistically significant post-intervention
improvements, and the higher magnitude of the ES. For strength and power improvements, it
appears that there is no difference between a varied and a non-varied model when the volume
load is equalized (at least in the six-week period), as both periodized and non- periodized
models were equally effective in generating 1RM deadlift and jump height improvements, and
this can simplify the strength coach's practice in programming KTB swing training periods.
Therefore, strength coaches should consider including KTB training protocols in HIFT training
routines for optimization of neuromuscular adaptations.
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